ABSTRACT DNA repair takes place in the context of chromatin. Recently, it has become apparent that proteins that make up and modulate chromatin structure are involved in the detection and repair of DNA lesions. We previously demonstrated that Ser129 in the carboxyl-terminal tail of yeast histone H2A is important for double-strand-break responses. By undertaking a systematic site-directed mutagenesis approach, we identified another histone H2A serine residue (Ser122) that is important for survival in the presence of DNA-damaging agents. We show that mutation of this residue does not affect DNA damage-dependent Rad53 phosphorylation or G 2 /M checkpoint responses. Interestingly, we find that yeast lacking H2A S122 are defective in their ability to sporulate. Finally, we demonstrate that H2A S122 provides a function distinct from that of H2A S129. These data demonstrate a role for H2A S122 in facilitating survival in the presence of DNA damage and suggest a potential role in mediating homologous recombination. The distinct roles of H2A S122 and S129 in mediating these responses suggest that chromatin components can provide specialized functions for distinct DNA repair and survival mechanisms and point toward the possibility of a complex DNA damage responsive histone code.
T HE consequences of inaccurately or inefficiently
tures present at the DNA lesion and also, in the case of HR, at the homologous template. repaired DNA double-strand breaks (DSBs) include genomic instability, cell death, and, in higher eukaryAt its most basic level, chromatin is composed of DNA wrapped around an octamer of histone proteins, made otes, tumorigenesis. It is therefore not surprising that cells have rigorous mechanisms to detect and repair up of an (H3-H4) 2 tetramer and two H2A-H2B dimers, to form the nucleosome. Beyond this level of organiza-DNA damage, including DSBs. Members of the phosphatidylinositol-3 kinase-related kinase (PIKK) family tion, chromatin can form more compact, higher-order structures, and this is mediated in part by the presence play key roles in DNA damage detection and signaling in eukaryotes. This family of kinases includes the yeast of linker histones. The compaction of DNA in this manner has been shown to be generally inhibitory to its manipulaproteins Mec1 and Tel1 and their human homologs, ATR and ATM, respectively. In response to DNA damtion and accessibility. By modulating chromatin structure, cells can achieve precise regulation of DNA-dependent age, Mec1 localizes to the sites of DNA lesions and activates a signal transduction cascade. This results in hyperphosfunctions such as transcription. Chromatin structure is modulated by two primary mechanisms: ATP-dependent phorylation and activation of the Rad53 protein kinase, and, ultimately, in the induction of repair mechanisms chromatin remodeling and covalent modification of histone tails. Recent evidence suggests that both of these and the arrest of progression through the cell cycle (Weinert 1998; Rouse and Jackson 2002) . In addition mechanisms are utilized by cells to facilitate DNA DSB repair. For example, yeast strains with mutations in either to detecting DNA DSBs, cells must repair the damaged DNA. In eukaryotes, DNA DSBs are repaired by two priIno80C or Swr-C ATP-dependent chromatin-remodeling complexes are sensitive to DNA-damaging agents (Shen et mary mechanisms: nonhomologous end-joining (NHEJ) and homologous recombination (HR). NHEJ results in al. 2000; Mizuguchi et al. 2004 ). Additionally, covalent modification of the histone H4 N-terminal tail by the the direct religation of the broken DNA ends (for review, see Lieber et al. 2003) , while HR relies on the presence NuA4 histone acetyl transferase (HAT) complex has been implicated in DNA DSB repair (Bird et al. 2002) . of a homologous template to repair the DNA DSB (for review, see West 2003). In both cases, the repair proConsistent with this, expression of an enzymatically inactive subunit of a mammalian HAT complex that is hoteins must function in the context of chromatin strucmologous to the catalytic subunit of NuA4 results in slower double-strand-break repair (Ikura et al. 2000) . Additionally, histone deacetylase activities have recently been impli-1 MATERIALS AND METHODS series of chromatin-mediated events takes place after DNA damage. It is possible that these activities indirectly af- (Bird et al. 2002; Downs et al. 2004 ; Morgenomic hta1-S122A mutation (in W303␣) with FY406 and sporulating. The resulting haploid strains were selected for rison et al. 2004; van Attikum et al. 2004) , suggesting loss of pAB6 by growth on 5-FOA-containing media and were that there is a direct role for one or more of these comsubsequently analyzed for the presence of hta1-S122A by PCR plexes in DNA repair.
and for hta2-htb2::TRP1 disruption by phenotypic analysis.
One covalent chromatin modification that has been Sensitivity assays: Midlog cultures were diluted to a density found to be directly involved in DNA DSB responses is corresponding to an absorbance of 0.3 at 600 nm and fivefold serial dilutions were plated onto medium containing the indithe phosphorylation of the mammalian histone variant cated concentration of DNA-damage-or cellular-stress-induc-H2A-X on the carboxyl-terminal tail at position S139 ing agents. All assays were done using rich medium [yeast extract, (Rogakou et al. 1998) . This has been shown to occur peptone, adenine sulfate, dextrose (YPAD); Formedium] with in proximity to DNA lesions (Rogakou et al. 1999) to midlog phase and treated with 15 g/ml nocodazole (Sigma) dilution. To detect Tip49a, an antibody raised against recombifor 2.5 hr at 30Њ. One hour prior to release from nocodazole, nant Tip49a was used at 1:1000 in TBS-T (gift of J. Cote). Signal MMS was added to one set of cultures to a final concentration was detected using horseradish-peroxidase-coupled anti-rabbit of 0.10%. The cultures were then washed once and resussecondary antibody (Pierce, Rockford, IL) and enhanced chemipended in fresh medium. Aliquots were removed at the inluminescence (Pierce). dicated times, fixed with 5% formaldehyde, and sonicated. Micrococcal nuclease digestion: Spheroplasts were prepared Samples were analyzed microscopically for the presence of according to a protocol developed by Kent and Mellor large-budded cells (defined as cells with buds Ͼ70% the size (1995). Briefly, 100-ml midlog cultures were harvested and of the mother cell). normalized by measuring the OD 600nm . Cell pellets were washed once in water, resuspended in 950 l of freshly made YLE buffer [10 mg/ml zymolyase, 20,000 units/g (ICN), 1 m sorbi-RESULTS tol, and 5 mm ␤-mercaptoethanol) and then incubated for 15 min at room temperature. The resulting spheroplasts were H2A S122 is important for normal growth and for collected by centrifugation, gently washed twice in 950 l of 1 m survival in the presence of MMS: To determine whether sorbitol, and resuspended in 1.2 ml of spheroplast digestion buffer (1 m sorbitol, 50 mm NaCl, 10 mm Tris-HCl pH 7.5, 5 residues in the H2A C-terminal tail, other than S129, mm MgCl 2 , 1 mm ␤-mercaptoethanol, 0.5 mm spermidine, and were important for DNA repair, we examined all resi-0.075% nonidet P40). To this, 15 l of 2.86 units/ml micrococcal dues that have the potential to be covalently modified nuclease (MNase; Sigma, St. Louis) was added and the reacby using site-directed mutagenesis to change them to tion was incubated at 37Њ. At the indicated time points, 200-alanine residues. We did this using a plasmid-borne copy l aliquots were removed and added to fresh microfuge tubes containing 20 l of stop solution (5% SDS, 250 mm EDTA).
of wild-type H2A and H2B (HTA1-HTB1) in a haploid
The DNA was then purified by phenol/chloroform extraction yeast strain in which both copies of the chromosomal and ethanol precipitation, analyzed on a 1% agar gel, and visual-H2A and H2B loci (HTA1-HTB1 and HTA2-HTB2) had ized with ethidium bromide.
been disrupted (Hirschhorn et al. 1995) . An illustration Sporulation analysis: Strains were grown overnight in YPAD, of the mutagenized residues is shown in Figure 1A . While diluted 1:50 into YPA, and grown another 24 hr at 30Њ. The cultures were then washed two times in water and resuspended some of the residues that were mutagenized are part of in sporulation media. After 5 days in sporulation media, cells the solved structure of the nucleosome, they are all downwere fixed in formaldehyde and examined microscopically for stream of the histone fold ( Figure 1A ; White et al. 2001) .
the presence of spores. Minimally, 300 cells were counted Strains harboring the mutagenized H2A constructs were for each culture, and three independent sporulation cultures were analyzed per strain.
analyzed for their ability to survive in the presence of the DNA-damage-inducing agent MMS. Notably, one strain, growth of the hta1-S122A strain. One possible mechanism by which mutation in a core histone might sensitize cells hta1-S122A, showed detectable sensitivity to MMS relative to the wild-type strain ( Figure 1B) . to DNA damage is by causing histone protein instability. We therefore examined the level of H2A by Western In performing these experiments, we observed that the hta1-S122A strain grew more slowly than the wildblot analysis in wild-type and hta1-S122A mutant strains and compared this to overall protein levels as well as to type strain even in the absence of DNA damage ( Figure  1B , left). We therefore examined the growth rates of Tip49a protein levels and found no detectable difference ( Figure 1E ). Therefore, the S122A mutation does not wild-type and hta1-S122A yeast during exponential phase and confirmed that the hta1-S122A population has a markedly affect H2A protein stability. Interestingly, it has already been shown that H2A S122 significantly longer doubling time than the wild-type strain ( Figure 1C ). This phenotype makes it difficult to is phosphorylated in vivo (Wyatt et al. 2003) , although the timing and location of phosphorylation as well as determine precisely how sensitive the hta1-S122A strain is to DNA damage compared to wild-type when using the the biological role of this event are as yet unknown. To investigate the possibility that phosphorylation of H2A qualitative spot tests. We therefore examined the ability of the strain to survive in the presence of MMS using a S122 is important for survival in the presence of DNA damage, we created a strain in which S122 was replaced more quantitative approach. Yeast cultures were grown into midlog phase and equal numbers of cells were with a glutamic acid residue, which can, in some cases, mimic phosphorylation. This strain, however, appeared plated onto media containing variable amounts of MMS. The plates were then incubated for up to 5 days to to be as sensitive to DNA damage as the hta1-S122A strain (Figure 2A) , and exhibited the same slow growth facilitate detection of even very-slow-growing cells before colonies were counted. Doing this, we found that as the hta1-S122A strain ( Figure 2B ). We next raised an antiserum against a peptide containing a phosphoserine the hta1-S122A strain is significantly and reproducibly more sensitive to MMS than the wild-type strain (Figure residue corresponding to S122. While this antiserum was able to recognize the phospho-peptide, we were 1D), indicating that the sensitivity to MMS seen in the spot tests relative to wild-type yeast is not due to the slow unable to detect phosphorylation of H2A S122 by West-Yeast H2A S122 Facilitates DNA Repair Figure 2 .-An H2A S122E mutant strain has a phenotype that is indistinguishable from the H2A S122A mutant strain. (A) Serial dilutions of midlog cultures of hta1-mutant strains and their isogenic wild-type control (FHY2) grown with or without 0.025% MMS. (B) Growth of wild-type (diamonds), hta1-S122A mutant (squares), and hta1-S122E mutant (circles) cultures grown at 30Њ was monitored by changes in OD 600nm .
ern blot analysis of both whole-cell extracts and histone to the damaging agent. We therefore examined global chromatin structure by determining its sensitivity over preparations prepared from wild-type yeast under a variety of conditions, including treatment with MMS (data time to digestion with MNase. Because MNase preferentially digests DNA in linker regions between nucleonot shown). Therefore, while it is clear that H2A S122 is important for survival in the presence of MMS, we somes, the rate of digestion can be used to determine whether there are any gross changes in chromatin strucare unable to determine whether phosphorylation of this residue is important for this function.
ture. We found that the MNase digestion profile of chromatin from hta1-S122A mutant yeast showed no DNA-damage-induced checkpoint responses appear to be normal in hta1-S122A mutant yeast: To more fully significant or reproducible differences from that of chromatin isolated from wild-type yeast ( Figure 3C ), understand the role that H2A S122 plays in facilitating survival in the presence of MMS, we examined the ability suggesting that the sensitivity seen in this strain is unlikely to be due to increased accessibility of the DNA to of hta1-S122A mutant cells to respond appropriately to DNA damage. It has been shown that exposure of cells the DNA-damaging agent. Survival in the presence of DNA double-strand breaks to MMS results in the rapid activation of the Mec1 kinase leading to hyperphosphorylation of Rad53 (Sanchez et is impaired in the hta1-S122A mutant strain: Next, we tested our panel of histone H2A mutants for their ability al. 1996). These events are necessary for the ability of cells to appropriately upregulate DNA-damage-responto survive in the presence of a range of DNA-damaging agents that cause different DNA lesions. With the excepsive transcription and to mediate cell cycle arrest (Weinert 1998). After treatment with MMS, we found that tion of hta1-K121A, which showed a weak sensitivity to camptothecin ( Figure 4B ), strains with mutations in Rad53 is hyperphosphorylated in hta1-S122A mutant cells to a degree similar to that detected in wild-type other C-terminal tail residues of H2A did not show any significant phenotypes relative to the wild-type control in cells ( Figure 3A) , indicating that the ability of Mec1 to detect damaged DNA and to initiate the signal transduc-
the presence of the drugs tested (Figure 4 , A-F), suggesting that these residues are not individually important tion cascade is intact in the hta1-S122A mutant strain. Additionally, we examined the ability of the hta1-S122A in mediating DNA damage responses in vivo. These results are in contrast to a previous report demonstrating mutant strain to arrest progression through the cell cycle in response to DNA damage. To do this, we first that a strain with a T126A mutation in H2A is sensitive to bleomycin (Wyatt et al. 2003) . There are numerous arrested midlog cultures in the G 2 /M phase with nocodazole and then treated one set of cultures with MMS possible explanations for this discrepancy, including differences in the drugs tested, the assay conditions, and for 1 hr. The MMS and nocodazole were then washed out, and the cells were examined microscopically to the yeast strains used in the two studies. When analyzing the agents to which these strains were monitor their cell cycle progression. We found that the MMS-treated hta1-S122A mutant cells remained arrested sensitive, we found that the hta1-S122A mutant strain is sensitive to the topoisomerase inhibitor camptothecin, as large-budded cells for ‫04ف‬ min longer than untreated cells ( Figure 3B ). This was in good agreement with the the radio-mimetic drug phleomycin, and, more weakly, to the dNTP synthesis inhibitor hydroxyurea, ultraviolet MMS-induced arrest seen in the wild-type strain ( Figure  3B) , indicating that the G 2 /M DNA damage checkpoint (UV) light, and the UV-mimetic drug 4-NQO ( Figure  4 , A-E). In contrast, we did not detect significant or is intact in the hta1-S122A mutant strain.
H2A S122 is not important for establishing normal reproducible sensitivity of the hta1-S122A mutant strain to the alkylating agent ethyl methanesulfonate (EMS) global chromatin structure: DNA lesions can occur nonrandomly in DNA, depending on the chromatin con-( Figure 4F ). Furthermore, we tested the survival of the hta1-S122A mutant strain in the presence of other types text. Consequently, one possible way in which a mutation in a core histone results in decreased survival after of cellular stress. As a control, we compared the behavior of the hta1-S122A mutant strain to a strain lacking the DNA damage is by altering the accessibility of DNA HMG box-encoding genes NHP6-A and -B (Costigan 2001) . We therefore examined the role of S122 in diploid strains in parallel with our haploid strains to see et al. 1994) . In contrast to this strain, the hta1-S122A mutant strain is not detectably sensitive to the presence whether a difference in survival in the presence of DNA damage was apparent. In response to the presence of of high salt, high temperature, low temperature, or DMSO ( Figure 4G and data not shown), suggesting that MMS, the diploid hta1-S122A mutant strain showed the same phenotype as the haploid hta1-S122A mutant there is no global defect in cellular stress responses. Taken together, these data suggest that H2A S122 is strain ( Figure 5B ), indicating that the role of H2A S122 in mediating survival is not exclusive to haploid yeast. specifically important for DNA damage responses. Because the DNA-damaging agents to which the hta1-Taken together, these data are suggestive of a role in mediating HR responses. To further investigate this pos-S122A strain is sensitive are capable of causing DNA double-strand breaks, either directly or indirectly, these sibility, we examined the ability of hta1-S122A mutant yeast to survive in the presence of continual HO endonudata raise the possibility that H2A S122 facilitates DNA DSB repair.
clease expression. Survival under these conditions is severely compromised in strains lacking HR activity. In As previously mentioned, DNA DSB repair is performed by two major pathways in eukaryotes: HR and doing so, we found a modest, but reproducible decrease in survival when compared with the wild-type strain (Fig-NHEJ. The repair of DNA DSBs by HR is an integral part of meiosis and strains lacking DNA damage signalure 5C). We additionally examined the ability of cells to survive in the presence of EcoRI expression, which ing and repair genes are often defective in their ability to sporulate. We therefore analyzed the ability of the severely compromises the ability of NHEJ-defective yeast to survive (Lewis et al. 1998) . Interestingly, we found hta1-S122A strain to sporulate. Interestingly, after 5 days in sporulation media, the hta1-S122A mutant strain had that survival in this assay was also reproducibly reduced in the hta1-S122A mutant yeast ( Figure 5D ). While this ‫-55ف‬fold fewer spores than the wild-type strain ( Figure  5A ; 0.426 vs. 23.63%), demonstrating a defect in the result is suggestive of a role for H2A S122 in NHEJmediated DNA repair responses, we note that the pheability to sporulate. It has previously been shown that NHEJ is downregulated in diploid cells when HR is the notype detected in the hta1-S122A mutant yeast strain is significantly less severe than that detected in strains preferred pathway for DNA DSB repair (Valencia et al. lacking NHEJ components. Moreover, strains lacking of other types of DNA damage. We find that, as with MMS, the hta1-S122A mutant strain appears slightly genes required for HR are mildly sensitive to the overexpression of EcoRI (Lewis et al. 1998 ), making it difficult more sensitive to phleomycin than the hta1-S129A mutant strain, but interestingly, the hta1-S122A mutant strain to definitively place H2A S122 on either DNA DSB repair pathways. Nevertheless, these assays clearly demonappears less sensitive to camptothecin than the hta1-S129A mutant strain (Figure 6, C and D) . This change in sensitivstrate that survival in the presence of DNA double-strand breaks is defective in the hta1-S122A mutant strain.
ity profile suggests that the two residues may perform functions that are of different importance, depending H2A S122 and S129 provide distinct functions: It has previously been shown that H2A S129 is phosphorylated on the nature of the DNA lesion. In agreement with the postulation that these two residues have individual in response to DNA damage and that this event is important for the ability of yeast to survive in the presence of roles, we find that the hta1-S122A/S129A double mutant is significantly more sensitive to these agents than either MMS (Downs et al. 2000) . Because of the proximity of S122 to S129, we considered the possibility that the MMS single mutant (Figure 6, C and D) . Furthermore, we find no defect in the ability of hta1-S129A yeast to sporusensitivity conferred by the S122A mutation was a result of impaired S129 phosphorylation or S129-dependent late (data not shown), again pointing toward separate cellular roles. downstream events. However, by using an antibody specific for H2A phosphorylated at S129, we found no deWhile the DNA damage sensitivity profiles of the hta1-S122A, hta1-S129A, and hta1-S122A/S129A mutant strains tectable loss of MMS-dependent S129 phosphorylation in the hta1-S122A mutant strain when compared with imply that the two residues work independently to facilitate DNA repair, there are other viable interpretations, the wild-type strain ( Figure 6A ). Next, we made a strain in which both serine residues were replaced with alanine particularly since these residues are in such close proximity on the same molecule. For instance, if both resi-(hta1-S122A/S129A) and examined its survival in the presence of MMS compared with strains harboring each dues are important for binding by a common downstream factor and each single mutation reduces, but individual mutation (hta1-S122A or hta1-S129A). We found that the hta1-S122A mutant strain appears to be does not abrogate, binding, then the double-mutant strain in which binding is further impaired would have a slightly more sensitive to MMS than the hta1-S129A mutant strain ( Figure 6B) . Importantly, the hta1-S122A/ more severe phenotype than either single-mutant strain.
To discriminate between these possibilities, we performed S129A strain is more sensitive than either single-mutant strain ( Figure 6B ), suggesting that the two residues proa complementation experiment in which we supplied the yeast with two H2A-expressing plasmids. As expected, a vide distinct functions in response to DNA damage. We then tested the ability of the hta1-S122A, hta1-S129A, strain containing two hta1-S122A mutant constructs was significantly more sensitive to MMS than a strain conand hta1-S122A/S129A strains to survive in the presence taining two wild-type constructs ( Figure 6E ; compare 6E; compare the top row to the fifth row), demonstrating that both mutant phenotypes can be complemented by the top row to the the fourth row). This is also the case for a strain containing two hta1-S129A mutant constructs the presence of the other mutant H2A. These data indicate that the two residues provide independent func-( Figure 6E ; compare the top and bottom rows). Importantly, strains containing one wild-type H2A construct and tions and that if both serines are present, regardless of whether they are on the same histone molecule, this is one mutant H2A construct are no more sensitive to MMS than the wild-type strain is, demonstrating that the sufficient for the cell to respond appropriately and to survive in the presence of DNA damage. hta1-S122A and hta1-S129A mutations are both recessive ( Figure 6E ; compare the top row to the second and As previously mentioned, it has been demonstrated that H2A S122 and S129 are phosphorylated (Downs third rows). Importantly, however, if cells contain one hta1-S122A mutant construct and one hta1-S129A muet al. 2000; Wyatt et al. 2003) . Interestingly, H2A T126 was also found to be phosphorylated, and in an hta1-tant construct, the strain is indistinguishable from the wild-type strain in the presence of DNA damage ( Figure  S122P mutant strain, the amount of phosphorylation at other sites was increased (Wyatt et al. 2003) . Therefore, T119 in vitro. Moreover, they demonstrated the exisone possible mechanism by which loss of H2A S122 affects tence of an activity in yeast extract that is able to phos-DNA damage responses is via increased H2A T126 phosphorylate the Drosophila residue, suggesting that this phorylation, which indirectly inhibits normal H2A S129 activity may also phosphorylate yeast H2A S122 and be responses. The different profiles of hta1-S122A and hta1-responsible for the phosphorylation detected in the S129A phenotypes and DNA damage sensitivities make study by Wyatt et al. (2003) . While we were unable this an unlikely explanation. Nevertheless, to test this to determine whether phosphorylation of H2A S122 is hypothesis, we made an hta1-S122A/T126A doubleimportant for DNA repair responses, it seems reasonable mutant strain to remove the possibility that T126 was to speculate that it is. phosphorylated inappropriately. If H2A S122 contribRegardless of whether H2A S122 is phosphorylated, utes to DNA damage responses only by preventing inapthese studies demonstrate that it is important in yeast propriate H2A T126 phosphorylation, then there for DNA damage responses and show that this residue should be no DNA damage sensitivity when both resiprovides a function independent from the known DNAdues are changed to alanine residues. In contrast to this damage-responsive residue H2A S129. The role of hishypothesis, we find that the hta1-S122A/T126A double tone H2A S129 in response to DNA damage has been mutant is still sensitive to the presence of DNA damage shown to be conserved in a number of eukaryotes (Roga-( Figure 6F ). Additionally, an hta1-T126A/S129A mutant kou et al. 1999). As previously mentioned, the motif strain is no more sensitive than an hta1-S129A mutant surrounding S129 exists on the major H2A species in strain, and an hta1-S122A/T126A/S129A mutant strain some lower eukaryotes, such as Saccharomyces cerevisiae, is no more sensitive to DNA damage than an hta1-but is found on histone variants in higher eukaryotes, S122A/S129A mutant strain ( Figure 6F ), suggesting that such as H2AX in humans, and not in the major H2A H2A T126 plays no significant role in DNA damage species. We investigated the conservation of sequences responses in these assays. Importantly, these data indihomologous to S. cerevisiae H2A S122 and found that, cate that H2A S122 provides a function in mediating while the sequence downstream of S122 is not well con-DNA damage responses that is independent of H2A served, the sequence immediately upstream of S122 is T126 and further supports the conclusion that the funchighly conserved and is present in the eukaryotic organtion is also independent of H2A S129.
isms that we have examined thus far ( Figure 7 ). The conserved upstream sequence is present in the major DISCUSSION histone H2A encoding genes as well as in some H2AX and H2AF/Z variants. Moreover, S122 itself is reasonHere we have demonstrated a role for H2A S122 in ably highly conserved, and the analogous residue is a DNA DSB repair in yeast. While it has been shown that serine or threonine, again pointing to the strong possi-H2A S122 is phosphorylated (Wyatt et al. 2003) , we bility that phosphorylation will play a role in its cellular were unable to determine whether phosphorylation of this function. The degree of conservation of this region of serine is important for facilitating DNA damage responses.
histone H2A is suggestive of a conserved function, and The surrounding sequence of S122 weakly agrees with it will be of great interest to determine whether the the protein kinase C (PKC) consensus site, and interestanalogous residue in other eukaryotes is also important ingly, PKC in higher eukaryotes has been implicated in in DNA damage responses. the DNA damage response (Yoshida et al. 2003) . FurtherThere are a number of potential mechanisms by more, the analogous residue in Drosophila H2A (T119) which S122 could facilitate survival in the presence of has recently been found to be phosphorylated during DNA damage. One possibility is that S122 is important mitosis (Aihara et al. 2004) . A role for this residue for the transcriptional response to DNA damage. Induring the cell cycle, even in the absence of exogenous deed, the fact that the hta1-S122A mutant strain has DNA damage, may explain why our hta1-S122A mutant difficulty growing in the absence of exogenously added strain grows more slowly than wild type (Figure 1) .
DNA damage may indicate that H2A S122 plays a role Aihara et al. (2004) identified a kinase from the Drosophila extract, NHK1, which phosphorylates DmH2A in transcriptional responses regardless of whether this
